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ABSTRACT

The Requirement Generation System (RGS) is a computer supported cooperative work (CSCW) tool that
provides an interactive processing environment to define, control and structure mission requirements. RGS
reduces the time and cost of developing requirements by automating many of the activities associated with
the development, editing, review, approva and creation of requirements documents. Users can view re-
quirements, import on-line document files, copy text from on-line documentation into requirements defini-
tions, browse parent documents and requirements, and also generate user-tailored reports. RGS was devel-
oped using aclient/server architecture. All user activities take place on the client machines and all datais
stored on a centralized server. This alows geographically dispersed usersto concurrently access parts of a
document for reading, creating, modifying, or creating notes’comments about requirements for othersto
read. Requirements once written can be submitted for approval and once approved are automatically in-
cluded into afinal requirements document. RGS provides traceability by linking requirements and other
documents together. RGSis aso highly configurable so that it can be used to support different require-
ments devel opment processes.

1. INTRODUCTION

One of the most important and time-consuming tasks for any mission is the development of mission re-
quirements. The Requirements Generation System (RGS) is a computer supported cooperative work
(CSCW) tool that provides an interactive processing environment to develop mission requirements. RGS
reduces the time and cost of developing requirements by automating many of the activities associated with
the writing, editing, review, approval and creation of requirements documents.

RGS was developed to provide:

requirement analysts/authors with a system for capturing, entering, controlling, collaborating on,
and validating mission requirements,

mission managers and other personnel with requirements and documentation tracking information
pertinent to an individual requirement,

mission data system managers with an automated means of viewing and responding to individual
requirements and

ahistorical database of project requirements for future planning purposes.
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In RGS users can define and view requirements, import on-line document files, copy text from on-line
documentation into requirements definitions, browse parent documents and requirements, and also generate
user-tailored reports. RGS supports the approval process by allowing designated mission personnel to
reject requirements or accept them for inclusion into a requirements document. RGS also provides those in
charge of implementation of requirements with an automated means of viewing and responding to individ-
ual requirements.

RGS supports traceability by allowing usersto link requirements to parent documents, functional areas,
and/or other requirements. Configuration management is also available to easily back out changes and a
historical database to promote reuse of requirements across missions. The RGS database is availableto all
mission personnel throughout the life cycle of the mission, thus facilitating the communication of informa-
tion about al levels of mission requirements.

The remainder of this paper describes the underlying system, user interface and costs savings that have
resulted from NASA missions that have used RGS.

2. SYSTEM DESCRIPTION

The following sections describe how requirements are managed within RGS, user privileges, requirement
hierarchies, on-line approval/rejection, requirement status, document production, configurability and
working groups.

Information Management

RGS isimplemented as a distributed client/server database system that supports cooperative work among
geographically dispersed users. RGS datais stored and managed using arelational database management
system (Sybase) operating on a back-end server. All user activities, such as requirements entry and report
generation, take place on the client machines. This alows different users to concurrently access different
parts of a document.

All levels of requirements and al requirements documents, commentary and rationale are consolidated in a
single database, reducing the time needed to locate, review and disseminate information. This eliminates
the need for traceability across separate databases and allows for the production of reports that contain
requirements at varying levels of detail. RGS also provides, within the single database, additional aids to
communication between mission personnel. Requirements may be associated with keywords and €l ements
to help identify and group requirements. Requirements may be flagged for printing, for re-evaluation and to
generate change-bars. In addition, users may enter notes against a requirement or a group of requirements,
allowing for comments or suggestions as requirements are development.

RGS maintains a history for each requirement. Requirement histories include the date and time any action
is taken on the requirement, and the person who performed the action. Histories reveal not only recent ac-
tions taken on a given requirement, but overall statistics as to use of the system and stability of the re-
quirementsin general.

Additional documents may be provided within RGS for reference and explicit traceability to requirements
in parent documents. Parent documents are not developed within RGS, but may be entered into the system
by the mission manager or designated personnel. While they are not included in the browser hierarchy, the
mission’s requirements may be explicitly linked to the appropriate part of the parent document, thereby
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providing specific traceahility from the requirements to parent documents. In addition, RGS will perform
services to ensure that there is complete traceability from a parent document into a mission’s requirements.

User Privileges

RGS provides configurable user privileges. Differing user privileges provide security for requirement data,
while allowing a wide range of users to benefit from requirement information. Some of the supported user
privileges are: read-only, requirements developer, approver/responder and mission manager.

The read-only privilege allows access to requirements by people who are not requirement developers. Read-
only users are allowed to browse and search, and report on requirements and their histories, approvals and
notes but they may not make any changes. Read-only users can aso be given the privilege of composing
and attaching notes to requirements.

Requirements developers can define, control and structure mission requirements.  Depending on mission
configuration, developers may generate requirements on-line, and/or import requirements; provide trace-
ability by linking requirements to parent documents, functional areas, and/or other requirements; associate
requirements with keywords; and create notes on-line for specific requirements.

Approvers and responders may accept or reject requirements for inclusion in the official requirements
document as well as enter arationale for their decison. They may also create and edit responses to mission
requirements. These responses, if accepted, are included in the requirements document. If allowed, they
may also accept requirement responses, allowing them to also be included in the requirements document.

Mission managers manage much of a RGS Database. They may be assigned the privileges to edit the
structure of the requirements document, creste keywords and/or element 1Ds (that may then be assigned to
requirements), enter parent/reference documents and define levels.

Requirement Hierarchy and Levels

All levels of requirements are presented to usersin a hierarchical "browser” format, giving mission person-
nel an overal view of the state of the requirements document and the hierarchical relationship between
various levels of requirements. Each requirement in a given section isidentified by a"label" in the form
<XXX.XXX...XXX>, which determines its placement in the browser hierarchy. Figure 1 shows a sample hier-
archy. In this example, the first requirement in section 4100 would be numbered 1 (or 4100-1), with its
subordinate requirements numbered 1.1, then 1.1.1, and 1.2, etc. A requirement's placement in the hierar-
chy indicates dependent rel ationships between requirements in a given section at a glance.
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Figure 1: Sample requirement hierarchy and relationship between levels and hierarchy.

Each requirement entered in RGS is also assigned a"level”, which associates the requirement with a given
level of detail for a given document. The requirement level is independent of the hierarchical number as-
signed to the individual requirements. Each mission may determine the relationship between the levels and
the hierarchy for that mission. For example, a given mission may decide that requirements from the third
decimal point down be assigned to Level 3, and requirements higher in the hierarchy to Leve 2, asillus-
trated in Figure 1.

On-line Approval/Reection.

Requirements once written can be submitted for approval and once approved will automatically be included
into the final requirements document. RGS provides on-line, form-based capabilities for approving or re-
jecting a requirement and attachment of rationale for a decision. Reviewers can also attach on-line "notes’
for commenting on individual requirements. These notes are then available to al users.

Approval privileges for a specific level of requirement may be assigned to any of the user types. For exam-
ple, for detailed-level requirements, approval could be assigned to only the mission manager; to the mission
manager and data systems manager; or any other combination of users. Different users may be assigned
approval privileges for different sections of requirements as appropriate. These users may view the re-
quirements and respond either positively, negatively, or conditionally.

Requirement Status

RGS assigns each mission requirement in the database with a"status' that describes how far the require-
ment has progressed toward final approval. A status can be private, draft, pending, in-review, accepted,
rejected or accepted with contingencies. A private requirement is one that is work in progress, visible only
to the author or working group. A draft requirement iswork in progress, visible to anyone with access to
the mission. A pending requirement has been submitted (but not yet accepted) for approval. Anin-review
requirement has been accepted by some, but not all approvers. An accepted requirement has been accepted
by all parties responsible for its approval.

A rejected requirement has been regjected by at least one of the approvers. An accepted with contingencies
requirement that has been accepted by all approvers, but to which the mission manager has responded with
exceptions.
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There are several advantages to having a status for each requirement. The instant availability of newly-
developed requirements (i.e., draft or pending) provides access to the current thinking on issues and allows
for speedier review and response from interested parties. Further, approving requirements individually (as
opposed to waiting for the release of a set of requirements in a document) can speed up planning and de-
sign. Finaly, the overall view of the status of the requirements aids management in their assessment of the
progress that has been made at any point in time. |nadequate requirements in a certain mission area can be
identified, and measures can be taken to correct any difficulties occurring with the development of the re-
quirements.

Document Production

RGS provides a wide range of reporting capabilities, including standard system reports, "print screen” op-
tions, customized reports and NASA Detailed Mission Requirements (DMR) formatted reports. The docu-
ment format may also be customized to adhere to other formats (such as System Requirements Document
(SRD) or non-Goddard document formats). Reports may be printed, or saved to an ASCI| text file for use
with other word-processing applications. Reports also may be exported in a tab-delimited format, allowing
for use with standard spreadsheet software.

Report contents can be defined by users using a smple selection technique. RGS alows the user to deter-
mine which sections, levels and requirements will be included in the document (e.g., only accepted Level 2
requirements for Sections 2000 and 3000). The document can then be exported to Microsoft Word, and any
desired formatting changes may be made using Word's word processing capabilities. Documents and re-
ports can aso be produced for any or al levels of requirements and for requirements assigned to any com-
bination of organizational elements.

Configurability

RGS is also configurable on a per-mission basis to meet the needs of different processes. Because different
missions have varying needs, RGS alows a Mission Administrator to define mission-specific user types
and acceptance privileges. At the beginning of a mission RGS may be configured to customize:

any number of mission-specific user types (e.g., a requirements developer, mission manager, data
systems manager, read-only user, etc.), with unique privilege assignments.

mission-specific levels (allowing for a greater detail beyond the standard three levels)
amission-specific structure for a requirements document

mission-specific acceptance privileges (determining what approvals are necessary for what sec-
tions and levels of requirements).

Working Groups

In an effort to encourage cooperative work between mission personnel, RGS allows each mission to set up
"Working Groups," and assign mission personnel to these groups. Working Groups alow more than one
user to work on a given requirement. The Working Group is considered to be the "author" of its require-
ments. Any member of a given working group has full write-access to that group's requirements, while
users not in a given working group are prohibited from editing that

group's requirements. Any member of the requirement’'s working group may aso submit the requirement
for approval.

Configuration M anagement
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RGS aso supports a structure configuration management (CM) capability for controlling and approving
changes to a mission's requirements. These features are typically disabled in the initial requirements defi-
nition phases and are then invoked after approval of a mission's baseline requirements. The featuresin-
clude: establishing a configuration control board who will approve, above and beyond the normal approv-
ers, any changes to a mission; ability to specify which control board members are likely to be affected by a
modified requirement; and the ability to take "snapshots' of a mission had then later be able to track and
compare changes to the mission's requirements since a " snapshot” was made.

3. RGSUSER INTERFACE

The RGS user interface runs on Macintosh computers and PCs running Microsoft Windows (Windows 3.1
and 3.1.1, NT and Windows 95). There is no difference in the functionality between the PC and Mac plat-
forms and the only difference in appearance are those appropriate to the “look-and-feel” of the different
operating systems. When RGS isfirst initiated, the user is given alogin screen and alist of missions to
select from. Once logged on a user can create, edit, browse, search, import, export, review, annotate, ap-
prove or print requirements. The entire user interface has too many windows to present here. Instead, only
afew of the windows will be shown to give aflavor of how RGS looks and operates. A web-based viewer
isaso available for users who only want to read and not modify requirements. This allows users to access
the RGS without having to install client-server software on each of the desktop computers, except a web
browser like Netscape.

Requirements Browser

The RGS Requirements Browser provides an overall view of the requirements in the database, organized by
chapters (called functional categories) and sections (Figure 2). The browser provides a“Big Picture” view
of the document outline and the requirements that have been entered. When the browser first appears it
display only the list of sections assigned to the selected functional category. A user may browse require-
ments by expanding and contracting the section foldersto display requirement lists and switching functional
categories to access new sections. Functional categories can be changed by selecting the drop down menu
at the top of the browser and sections can be expanded by double clicking on the folder icons.

A filter isaso available to limit the information that appears in the browser, so that only the requirements a
user needs to see will be displayed. Requirements may be filtered by sections, functiona categories, levels
and print flags. Searching can also be used to generate alist of requirements tailored to a user’s particular
needs. Users may search on functional category, section, label, RGS ID, status, response, snapshots,
working group, author, level, date entered, data last modified, title and many other attributes. Reports can
also be generated on the search results.
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Figure 2: The Requirements Browser window.

Requirements Details Window

RGS provides a form-based graphical user interface for entering and editing requirements on-line (Figure
3). Requirements may be entered in any order. They are numbered by the requirements developer as they
are entered, establishing their placement in the requirement hierarchy.

Requirements are entered, edited and viewed through the requirements detail window, as shown in Figure 4.
From this window notes, links, flags, keywords, e ements and snapshots can be viewed or defined. Re-
guirements may be made up of one or more items, which can be text, graphics or tables. An example of a
graphic for arequirement is shown in Figure 4. When new requirement is being defined, awindow is
opened, similar to the one in Figure 3, that is empty and can be filled in by the developer. Developers may
also enter non-requirement annotation at any position in the hierarchy to serve as introductory, informa-
tional and/or concluding text. The annotations are entered in aform very similar to requirements, and may
also include text fields, graphics and/or tables.
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Requirement 3200-3 (9)
Title |"Wallops and Poker Flat Time Capture Testing.

RGS ID: 5
Status : Accepled
Label: zzo0- [3 Level [2 [¥| [T Derived Created Modified
on DEC 15 96 on JAN 7 97
Working Group |Rache13 Group E| [~ Private by T. Test MM by R.Campbell

Hems: |Te><t 5: 'wallops and Poker F1 El New Item VI

£ Text 5:

frpiady iiem

‘Wallops and Poker Flat Time Capture Testing., Time capture testing at 'WPS and Poker Flat is performed as ﬁ
follows:

a. Perform festing to verify wPS and Poker Flat time capture equipment specification.

b. Support operations testing of time maintenance, using 'WPS and Poker Flat time capture equipment to provide
ground Tatched time at 'WPS and Poker Flat and simulated spacecraft time Tatch.

(3]

MNotes(13  Links(1) Flags(0)  Keywords(0)

Elernents(0)  Snapshots

Close E

Figure 3: The Requirement Details window.

S

Requirement 1110-1 (8) =

Title I(TRACE) Experiment(s) Description

RGS ID: 3
Status : Accepted
Label: 1110- |1 Level 12 L{J [T Derived —— Modified
on OCT 24 94 on MAY 3095
Working Group ] 1000-Program | nformation E] [T Private by 5. Ddendahl by S Odendahl
Items:

butots tvn

3 Caption: ]Figure 1110-1: Dptical Schematic
£ Graphic 1982 :

(Macintosh)

Motes(0) Links(0) Flags(0) Keywords(0)

=N

Close E

Elements(01  Snapshots

Figure 4: The requirement detail window containing a graphic.

COST SAVINGS USING RGS
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A report for Code 510 at Goddard Space Flight Center was written that included the time it took to develop
requirements on several missions[1]. It was found that time for developing requirements was dramatically
reduced when using RGS (Figure 5). They noted that “... despite ACE having lower reuse than TRMM
and FAST and despite ACE having a more complex system than SAMPEX, FAST, SWAS, the manpower
needed by ACE to gather requirements was lower than SAMPEX, FAST, SWAS, XTE and TRMM. This
was accomplished by the addition of atool, the Requirements Generation System (RGS), an on-line re-
quirements database, which could be accessed by al team members and a process change to gathering re-
quirements.” TRACE and WIRE aso used RGS. It was further noted that RGS alone did not lower the
cost, but was the enabling technology for anew process. This process and RGS allowed greater communi-
cation during the develop of requirements and reduced the time spent approving the requirements and in
meetings.

Requirements Gathering for Mission Operations Centers (MOC)
(includes CS and contractor manpower, data gathered as of 6/18/96)

16

(o2}

Staff Years
w » o

21 SAMPEX XTE FAST SWAS TRMM ACE TRACE WIRE

Figure 5: Time savings in developing requirements for missions that used RGS.

CONCLUSION

RGS s currently at version 4.0 and is a very stable product of commercial quality. It has been used on 32
projects in the past four years, including ACE, IFMP, TRACE, WIRE, EOS AM1 and several Hitchhiker
missions were it has helped to reduce the cost of developing requirements. Severa other tools that compli-
ment RGS are also under development or are planned. One tool under development is a test tracking tool
that links tests in its database to requirements in the RGS database. Future plans include allowing other
tools to link into the RGS database and adding work-flow support. Thiswill allow better communication
between devel opers and will aso provide better support to NASA and other development processes by
allowing user actions or events to trigger other actions, such as sending email to inform someone are-
quirement has been accepted or rejected.

REFERENCES

17.9



[1] Mandl, D., Coyle, S., Rashkin, R., Langston, J., Karlin, J. and Welch, D. 1996. Overcoming
MO&DSD’s Learning Disability to Building Ground Data Systems “Faster, Better, Cheaper”. Interna
NASA Goddard Space Center Paper.

17.10



